Background There is a paucity of data regarding the safety and efficacy of percutaneous endoscopic gastrostomy with jejunal extension (PEG-J). We evaluated adverse events related to PEG-J and determined the clinical impact of PEG-J in those with chronic pancreatitis (CP). Methods This cohort study included all patients who underwent PEG-J placement in a tertiary-care academic medical center between 2010 and 2012. Main outcome measurements were (1) short-and long-term complications related to PEG-J and (2) changes in weight and hospitalizations during the 12-month period before and after PEG-J in the CP subgroup. Results Of 102 patients undergoing PEG-J placement, the overall technical success rate was 97 %. During a median follow-up period of 22 months (1-46 months, n = 90), at least one tube malfunction occurred in 52/90 (58 %; 177 episodes) after a median of 53 days (3-350 days), requiring a median of two tube replacements. Short-term (\30 days) tube malfunction occurred in 28/90 (31 %) and delayed in 24/90 (27 %); these included dislodgement (29 %), clogging (26 %) and kinking (14 %). In the CP subgroup (n = 58), mean body weight (kg) (70 vs. 71, p = 0.06) and body mass index (kg/m 2 , 26 vs. 27, p = 0.05) increased post-PEG-J. Mean number of hospitalizations (5 vs. 2, p \ 0.0001) and inpatient days per 12 months (22 vs. 12, p = 0.005) decreased. Conclusions While we observed no major complications related to PEG-J, half of patients had at least one episode of tube malfunction. In the CP subgroup, jejunal feeding via PEG-J significantly reduced the number of hospitalizations and inpatients days, while improving nutritional parameters.
Although direct percutaneous endoscopic jejunostomy (D-PEJ) is believed to provide more stable jejunal access compared with PEG-J, establishing a D-PEJ tract is technically challenging and has a lower success rate (65-73 %) compared to PEG-J (90-92 %) [7, 8] . Moreover, patients having D-PEJ may require a separate PEG for gastric decompression whereas a PEG-J tube provides feeding jejunal and gastric decompression ports in a single tract [7] .
For patients with refractory symptoms due to chronic pancreatitis (CP), post-pancreatic feeding is often recommended [10] [11] [12] [13] [14] [15] [16] . While this may be performed via nasojejunal (NJ) feeding tube, transnasal access is uncomfortable for patients, and durability is highly variable. Since D-PEJ placement is more technically difficult, jejunal feeding is frequently performed via PEG-J for prolonged jejunal access. In addition to limited data on the durability of PEG-J tubes, there is a paucity of data regarding clinical outcomes of PEG-J for enteral feeding in patients with CP.
Our primary objectives are twofold: first, to evaluate short-and long-term complications related to PEG-J placement, particularly rates of tube malfunction; second, among individuals with CP, to determine the clinical impact of jejunal feeding via PEG-J on weight and hospitalizations.
Materials and methods

Study population
Using our endoscopy database (ProVation Ò MD, Wolters Kluwer Health, Philadelphia, PA), we identified all patients who underwent PEG-J placement at Indiana University Health University Hospital between July 2010 and June 2012. Patients who underwent PEG-J placement prior to July 2010 were excluded. We abstracted medical records for relevant demographic and clinical data, including indications for tube placement, previous gastrointestinal (GI) surgery, short (\30 days)-and long-term complications related to PEG-J placement, tube removal and the last date of follow-up. In those with at least one tube malfunction, we recorded the number of tube replacements and time to tube malfunction. Time to tube malfunction was defined as the number of days between initial tube placement and the first tube replacement or adjustment. We defined duration of follow-up as the number of months between initial tube placement and the last date of follow-up or date of death. Duration of tube placement was defined as the number of months between initial tube placement and the date of tube removal. The study protocol was approved by our local institutional review board.
PEG-J technique
All PEG-J placements were performed by one of four experienced endoscopists (G.L., J.W., L.M. or G.C.). The indications for PEG-J placement included intolerance to eating, severe acute or CP, or recurrent aspiration. The jejunal conversion was performed following placement of a PEG tube (24 Fr EndoVive Safety; Boston Scientific, Natick, Mass) by using the pull method. Initially, a mushroom tip was used for the gastrostomy tube. Using transillumination, we identified a safe location for PEG placement. If feasible, an ideal location was selected in the distal gastric body to minimize coiling of the jejunal extension in the fundus. The final position of the gastrostomy tube was confirmed by relook endoscopy (Fig. 1A) , and location of the external bumper noted at the skin. The final tension and compression of the abdominal wall by the PEG tube and external bumper were checked so as to avoid buried bumper or leakage of gastric contents around the PEG tract. A 0.038 00 guidewire (Boston Scientific Corp., Natick, MA) was then placed through the gastric tube and grasped endoscopically using a snare or forceps (Fig. 1B) . The guidewire was then advanced to the jejunum (15-20 cm distal to the ligament of Treitz) under endoscopic and fluoroscopic guidance (Fig. 1C) . The guidewire was released from the forceps or snare, while the endoscope was slowly withdrawn. A 12Fr, 60-or 90-cm jejunal tube (Cook, Bard or MIC) was then threaded over the guidewire into the jejunum under fluoroscopic guidance (Fig. 1D) . Appropriate tip position and patency of the tube were confirmed by fluoroscopy with contrast injection (Fig. 1E) . In an effort to prevent recoiling of the J extension, we tried to minimize jejunal tube redundancy in the stomach (Fig. 1F) . During the latter portion of the study period, approximately half of patients received a weighted-tip jejunal tube (Bard), based on endoscopist preference, while the remainder had an unweighted variant. If the PEG-J required replacement, a balloon tip gastrostomy tube (balloon replacement gastrostomy tube, Cook; MIC safety PEG feeding tube) was used. Endoscopy was not routinely required for PEG-J replacement. In these cases, the jejunostomy tube was replaced over a guidewire under fluoroscopic guidance. We did not change the diameter of gastrostomy and jejunostomy tubes when these required replacement.
Patients in CP subgroup
Among patients undergoing PEG-J placement for CP, we collected additional data, including body weight (BW), body mass index (BMI), causes and severity of CP using standard criteria [17] , smoking, diabetes, laboratories (serum albumin, total protein and total calcium levels), chronic opiate utilization and hospitalizations (numbers and total inpatient days). The procedure occurred during a hospital stay specifically to place the tube or for problems related to CP, wherein it was decided to place the PEG-J. We reassessed nutritional parameters (BW, BMI and blood chemistry tests) and hospitalizations at the time of tube removal or last follow-up.
In those patients with at least 12-month follow-up after PEG-J placement, we measured the frequency of hospitalizations before and after PEG-J placement, defined as the number of hospitalizations due to pain flares or tube-related issues. We also calculated total inpatient hospital days during the 12-month period before and after PEG-J placement, excluding the first hospital stay required for PEG-J placement and initiation of enteral feeding.
Following successful PEG-J placement, all patients were hospitalized and able to start tube feeding within 12-24 h. Initially, a 1.5 calories/mL standard polymeric formula was administered continuously for 24 h. The nutritional regimen was switched to an elemental formula when patients could not tolerate feeding using a standard formula. The volume and rate of tube feeding were adjusted guidance; E jejunal tube in place confirmed by fluoroscopy with contrast injection; F PEG tube placed close to the pylorus to prevent jejunal tube coiling based on each patient's tolerance, then gradually increased to the goal rate, which was calculated by a licensed nutritionist. Patients were allowed to have clear liquid diets and medications by mouth as tolerated. Patients were told to crush and dissolve medications per the jejunal route. All patients were recommended to use the gastrostomy port periodically for gastric decompression. Under the guidance of a nurse practitioner, patients learned to adjust the rate of feeding and to care for the PEG-J before discharge. Caregivers and family members were educated similarly.
Follow-up
Following PEG-J placement, the treating physician periodically followed all patients in the ambulatory setting. Patients contacted a health-care provider via phone or e-mail for tube-related issues or other related concerns, such as a CP-associated pain flare. Patients were advised to return to our facility in cases that could not be managed at home. Typically, patients required hospitalization for unmanageable pain or dehydration in the setting of a malfunctioning PEG-J.
The treating physician removed the PEG-J following restoration of nutrition parameters, improvement and stabilization of symptoms related to the underlying disease, tube inefficacy, or per patient request. If these criteria were not met, the patient may have proceeded to specific surgical therapy (subtotal or total pancreatectomy) or continued PEG-J feeding at the time we censored data for analysis.
Statistical analysis
We used descriptive statistics to define the prevalence of short-and long-term complications related to PEG-J placement, particularly tube malfunction. We defined tube malfunction as any issue that required tube replacement. In the CP subgroup, we compared clinical outcomes (changes in BW, BMI, serum albumin, total protein, total calcium, numbers of hospitalizations and inpatient days) during the 12-month period before and after PEG-J. Continuous variables are presented as mean with standard deviation or median with range as appropriate; comparative statistics included Student's paired t test to analyze parameters before and after PEG-J placement. Statistical analyses were performed by using STATA v. 11.2 (StataCorp LP, College Station, TX).
Results
Patient characteristics
A total of 102 patients underwent PEG-J placement for enteral feeding ( Fig. 2; Table 1 ) during the study period.
The median age was 47 years (range 23-87) and 71 (70 %) were female. The most common indication for PEG-J placement was CP (n = 53, 52 %). In all patients, 16 (16 %) had undergone previous GI surgery, mostly pancreaticoduodenectomy (Whipple procedure). Overall, the technical success rate of PEG-J placement was 97 %, including 100 % of those with normal anatomy but only 81 % of those with postsurgical anatomy. Three patients who had previously undergone a Whipple procedure failed PEG-J placement due to intragastric coiling of the jejunal tube. These cases were managed with total parenteral nutrition (TPN, n = 2) and surgical J tube (n = 1).
Follow-up after PEG-J placement
Following initial successful PEG-J placement (n = 99), nine patients were lost to follow-up for unknown reasons. A total of 90 patients ( Fig. 1) were followed for a median of 22 months (range 1-46) ( Table 2 ). Of those, 51 patients (57 %) underwent tube removal during the study period due to clinical improvement (n = 27, 53 %), tube feeding intolerance (n = 10, 20 %), surgery due to persistent symptoms (n = 11, 22 %) or conversion to surgical J tube (n = 3, 6 %). In all patients with follow-up, the median duration of tube placement was 5 months (range 1-42).
Adverse events related to PEG-J During the follow-up period, 52/90 (58 %) patients had 177 episodes of tube malfunction (Table 2) ; 27/52 (52 %) patients developed more than one episode of long-term issues. Using the Kaplan-Meier method, median time to tube malfunction was 65 days (range 3-350; Fig. 3 ). Among those with at least one tube malfunction, the median number of tube replacements was 2 (range 1-21). Short-term issues occurred in 28/90 (31 %; 28 episodes), including jejunal tube clogging (n = 7, 4 %), kinking (n = 10, 6 %), and dislodgement (tube migration into the stomach or duodenum) (n = 6, 3 %), balloon malfunction (n = 1, 0.5 %), buried bumper (n = 2, 1 %) and cellulitis (n = 2, 1 %). Long-term issues occurred in 24/90 (51 %; 149 episodes), including jejunal tube clogging (n = 40, 22.5 %), kinking (n = 14, 8 %), dislodgement (n = 46, 26 %), balloon malfunction (n = 30, 17 %) and cellulitis (n = 19, 11 %).
Clinical outcomes among CP patients
We evaluated clinical outcomes among 58 patients with CP (n = 53) and RAP (n = 5) who underwent PEG-J placement for prolonged gut rest and post-pancreatic enteral feeding ( Table 3 ). The most common causes of CP included heavy alcohol use, defined as 8-10 drinks/day for at least 10 years, and idiopathic. Underlying conditions related to RAP included heavy alcohol use (n = 1), pancreas divisum (n = 1) and SOD (n = 3). Based on the Cambridge classification [17] , the majority of patients (n = 33, 57 %) were found to have mild, moderate or severe CP. The majority (62 %) of patients were smokers, but the minority (24 %) had diabetes mellitus. During a median follow-up period of 26 months (range 2-46), 37/58 (64 %) underwent tube removal due to clinical improvement (n = 19, 51 %), tube feeding intolerance (n = 8, 22 %), surgery due to persistent symptoms (n = 8, 22 %) or conversion to a surgical J tube (n = 2, 5 %). The median duration of tube placement was 7 months (range 1-42). Three patients undergoing tube removal due to clinical improvement developed recurrent CP pain flares approximately one year following tube removal, requiring Whipple operation (n = 1) and another PEG-J tube with placement of an intrathecal pain pump (n = 2). No patients were lost to follow-up in this subgroup. We compared nutritional parameters, opiate utilization and hospitalizations during the 12-month period before and after PEG-J placement (Table 4) in those with 12 months of antecedent and post-tube placement follow-up. Following PEG-J placement, the mean BW and BMI increased with borderline statistical significance. Serum albumin, total calcium and total protein levels significantly increased. After exclusion of patients undergoing surgery (n = 8 for persistent symptoms, n = 2 for tube conversion), the mean number of hospitalizations (5 vs. 2; p \ 0.0001) and mean total number of inpatient days (22 vs. 12; p \ 0.005). At the time of data censoring for analysis, of 21 CP patients with jejunal tube in place, 16 and 5 received less than 50 % and at least 50 % narcotic dose reduction, respectively. a Limited to patients with at least 12-month follow-up (n = 45); these represent the number of hospitalization due to pain flares/tube-related issues and total inpatient days during the 12-month period before and after PEG-J placement
Discussion
Although several approaches to PEG-J placement have been reported, a common method involves placing the jejunal tube or guidewire through the gastric tube and grasping either the jejunal extension tube itself or the guidewire endoscopically with a snare or forceps in the stomach [5, 7, 8] . Using this technique, technical success rate for PEG-J placement has been [90 % in previous studies [5, 7, 8] . The most common cause for unsuccessful PEG-J placement appears to be inability to transilluminate or identify a satisfactory location for PEG insertion [7] . Using a conventional approach similar to previous studies [5, 7, 8] , our data confirm a high technical success rates (99/102, 97 %) for PEG-J placement. All 3 patients undergoing unsuccessful PEG-J placement had postWhipple anatomy, causing intragastric coiling of the guidewire. A different approach to PEG-J placement involves passing an ultrathin or neonatal endoscope through the existing PEG tract or PEG tube into the stomach and deep into the jejunum to place the guide wire for jejunal tube placement [3, 9] . In addition, a pilot study (n = 7) of a novel ballooned-tip PEG-J feeding tubes (GI Supply, Camp Hill, Pa) has been reported to eliminate the need for repeat endoscopies for tubes that recoil back into the stomach [2] . Although these data of newly emerging techniques demonstrated a high success rate (99-100 %) for jejunal tube placement, these required specific endoscopes and special feeding tubes that may not be available in most centers. We do not anticipate that unique deployment techniques will impact rates of tube malfunction thereafter. Similar to previous studies [7, 8] , our findings demonstrated that approximately half of patients (52/90) have at least one tube malfunction after placement during a median follow-up period of 22 months. The main reasons for tube malfunction in the previous studies were clogging (40 %) and dislocation (24-33 %) during variable follow-up [7, 8] . In our analysis, the major issues for PEG-J malfunction were jejunal tube kinking (6 %) and dislodgement (26 %) in short-and long-term follow-up, respectively. Some of tubes might be used for prolonged period and end up with clogging and other complications. If tube patency and absence of complications by 3 months were chosen as a composite end point, the tube malfunction rate would have been 35 % (25/71) in our series. Tube migration was reported in about 7 % of patients in a previous study that used endoscopic clips for preventing displacement of the jejunal tube [6] . Risk factors for tube malfunction require larger cohorts, but may include tube stiffness, diameter and length as well as diligence with home care and frequency of wretching. Our data confirm the need for more durable enteral feeding equipment that will reduce rates of malfunction from clogging or tube dislodgement.
Recently, a case series showed 17 patients undergoing 121 jejunal placements via PEG tube over the period 2006-2010 [both complete PEG-J placement (n = 19, 16 %) and jejunal tube replacement alone (n = 102, 84 %)] [9] . At least one tube malfunction occurred in 15/17 (88 %), which was higher than our observation (58 %). Compared to this series (5; range 1-20) [9] , our data demonstrated a lower median number of tube replacements (2; range 1-21) during long-term follow-up. A possible explanation may be the different baseline characteristics of patients having PEG-J placement. While almost all patients in the other study included those with cerebral palsy or cancer who likely required lifelong jejunal feeding [9] , the majority (82 %) of patients in our study were those anticipated to have shorter durations of enteral nutrition.
We also evaluated the impact of jejunal feeding on several clinical parameters in the CP subgroup (n = 58). We isolated this component of the analysis to patients with RAP/CP in an effort to define a more homogenous patient population, and because this represents the most common indication for PEG-J placement in our practice. Although previous studies have demonstrated the safety and feasibility in jejunal feeding in patients with CP, data are limited by small sample sizes, unspecified severity of CP, heterogeneity of study design (combining feeding via NJ tube, D-PEJ and/or PEG-J), short-term follow-up and limited comparative analysis on clinical outcome after tube placement [10] [11] [12] [13] . Compared to 12 months prior to PEG-J, we showed a significant reduction in the mean number of hospitalizations and mean total number of inpatient days after the initiation of enteral feeding. Among CP patients, pain flares frequently require admission. Based on the literature, CP pain may be aggravated by meals due to pancreatic secretion stimulation [11, 15, 16] . Jejunal feeding allows pancreatic rest and for hydration during periods of intolerance to oral intake. This is a probable reason why the need for hospitalization decreases after PEG-J placement in CP patients. Consistent with a previous study of CP patients undergoing tube feeding via PEG-J (n = 53) or D-PEJ (n = 4) with the 6-month follow-up period, our findings showed an improvement in mean BW (70 vs. 71; p = 0.06) and serum albumin (3 vs. 4; p = 0.0002) following PEG-J tube feeding. Furthermore, 51 % improved clinically during follow-up, allowing for tube removal; this is a substantial proportion in an otherwise challenging patient population.
Study limitations include its retrospective design, lack of a control group and limited follow-up after PEG-J removal. Additionally, although we compared the number of hospitalizations before and after PEG placement, we did not have comparable data on ambulatory encounters during the same period.
In conclusion, we confirmed a high technical success rate of PEG-J placement using conventional techniques; however, this decreases in patients with postoperative anatomy. No major adverse events related to PEG-J placement were observed. However, nearly half of patients have at least one episode of tube malfunction, suggesting the need for advances in device design. Among patients with refractory CP, jejunal feeding via PEG-J significantly reduces hospitalizations and improves nutritional parameters. Future prospective, comparative effectiveness studies should evaluate the optimal CP population for PEG-J utilization.
